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Rseuvh Goals:
To investigate the effects of drizzle, diurnal decoupling etrainmt and mesoscale processes
or the type and amt of marine boundary layer cloudiness using surfacebased rmote and
in situ sensors deployed during the Atlantic Stratocumulus Transition Exqeruwat (ASTEX),
1992.

CIbjecdivs:
To study mesoscale stmcture of boundary laer convective systems observed during ASTEX,
to compare the mean thenxodynamic stcure and cloudiness observed during the exqmimit
with other regions, and to characeriz drizzle characmteristics using Doppler data from the 94
GlHz radar.

The insmmitation used for this study included a 94 GHz Doppler (cloud) radar, a laser
celcmeter, a microwave radiometer, surface meteorological and radiation iost aaon,
and an infrared radiometer. Radiosondes launched in stport of ASTEX from Santa Maria
and from the Valdivia were used in this study.

Trks Completed:
Radiosonde, ceilomete, and radiometer data have been arcived and statistics on cloud

aateristics have been compiled. The cwoposite thaemdynr aic structure observe at
Santa Maria and the Valdiia has been compared with composite boundary layer soundings
fiom 1) radiosonde data collected from San Nicolas Island during FIRE, 2) airaft data
obtained off the coast of Califoria during FIRE, and 3) radiosondes Imnched over the
equatorial Pacific dning the Tropical nstability and Wave Evemt (IWE) 1991. The
island remote and in situ measuremfs have been used to study the mesoscale cwvective
systems observed over the island and the diurnal variations in those complees.,

Sdaenific Residts:
The composite marine boundary layer structures obtained in this study correspond to sea
sarf'ce es raging from 16 to 27'C with the average cloud cover ranging from 82%!
to 26% (Figure 1). Unlike the coastal California stratus, the statu observed duringASTEX
was gweally associated with &coupling as indicated by the moisture decrease at about 600
m. ASTEX conditions were clearly intedxxeiate between the solid cloud conditions observed
during FIRE and the broken clouds associated with fair-weather cumulus clouds. The remote
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sensing systems operated on the island of Santa Maria in the Azores provided a detailed and
unprecedented description of the characteristics of marine boundary layer clouds. Of the
approximately 345 hours of radar returns obtained during ASTEX, about 40% of these returns
indicate drizzle-sized droplets and about 20% of the radar returns were accompanied by
drizzle that was detected at the surface by an optical rainguage. The drizzle events were
often associated with mesoscale convective systems (Figure 2) characterized by a strong
updraft core and a stratus layer genermated by outflow at the base of the inversion. The results
indicate that the transition observed during ASTEX is not a simple and rapid transition from
solid stratus to broken fair weather cumulus. Instead the transition is from solid stratus
associated with well-mixed conditions to stratus that can be generated by long-lived
mesoscale convective systems feeding in moist air near the surface in decoupled boundary
layers.

Tiamifi aon isb and eected

The soundings that were obtained during ASTEX are available to researches at the Naval Air
Warfare Center Weapons Division, Point Mugu, CA and other Navy research labs. The
composite boundary layer strure should assist in the development and testing of models.
Operational boundary layer modeling efforts should consider the impact of boundary layer
decoupling and mesoscale convective systems on model performance.

R tiombip to other prjecis

Our developmnt of the 94 GHz Doppler radar under this and previous ONR grants, has
facilitated numerous important studies of clouds that have been funded by other agencies.
These studies have focused on cirrus clouds (NASA, DOE), shiptracks (ONR) and contrinental
stratus (NSF). A study is in progress to determine the feasibility of using a 94 GHz radar in
space for cloud studies.
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Figure 1. Composite vertical profiles of virtual potential temperature and mixing ratio for San
Nicolas Island (FIRE, 65 soundings), Santa Maria (ASTEX, 119 soundings), Valdivia
(ASTEX, 58 soundings), and TIWE (44 soundings). Structure at the inversion was preserved
in these soundings by scaling the height by the inversion height for each sounding and then
resccding the composite soundings by using the average inversion height. Average fractional
cloudiness corresponding to each of these four soundings is 0.83, 0.67, 0.40, and 0.26
respectively.
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Figure 2. Structure of two marine boundary mesoscale convective systems observed from the
island of Santa Maria during ASTEX. Shaded areas are reflectivities from the 94 GHz radar.
The solid symbols are the cloud base height from a laser ceilometer. The solid line is the
lifting condensation level calculated using surface temperature and moisture. The horizontal
scale of these systems is about 10 km. Convective scale structure with horizontal scales of
about 1 km are imbedded in the mesoscale complexes. Decoupling is indicated when the
LCL deviates from the ceilometer cloud base. Substantial drizzle was observed from these
structures and results in radar returns that extend to the surface.
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